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After a number of failed drug studies on Alzheimer’s disease (AD) over the past decade, clinical trials of
AD started to show encouraging results and were approved or pending approval for clinical use. However,
controversies on the clinically meaningful benefits and risks of brain edema and microhemorrhages have
reminded us to think further about monitoring treatment and developing new drug targets. The goal of
this review is to find insights from clinical trials that aimed at two key pathological features of AD, i.e.,
amyloid-b (Ab) and tau protein, and to explore other targets such as anti-inflammation in AD. The com-
plex pathophysiology of AD may require combination therapies rather than monotherapy. Throughout
the course of AD, multiple pathways are disrupted, presenting a multitude of possible therapeutic targets
for designing prevention and intervention for AD.
� 2024 Science China Press. Published by Elsevier B.V. and Science China Press. All rights are reserved,

including those for text and data mining, AI training, and similar technologies.
Alzheimer’s disease (AD) is a neurological disorder with the
characteristic progressive and irreversible decline in memory and
other cognitive functions. It is the most common form of dementia
that causes loss of cognition and independence of living among
older people. Early diagnosis and early treatment are crucial in
the management of AD. The goal of this article is to provide a com-
prehensive analysis of the current state of AD and future directions.
It focuses on key aspects that are crucial for both clinicians and
researchers. In this review, we first examined the global epidemi-
ological features of AD to gauge its prevalence and distribution
across different regions and populations. We then delve into the
latest advancements in diagnostic biomarkers, emphasizing inno-
vative approaches that hold promise for earlier and more accurate
detection of the disease. A significant portion of our discussion cen-
ters on emerging therapeutic strategies. We evaluate the progress
in anti-amyloid and anti-tau therapies, as well as novel treatments
targeting alternative pathological mechanisms. Furthermore, we
investigate the potential of combination therapies and personal-
ized medicine approaches in managing this complex disease. Addi-
tionally, we address the critical role of governmental and social
investments in AD research and care. By examining these intercon-
nected aspects, from epidemiology to diagnosis, treatment, and
health initiatives and policies, we help to shed light on future treat-
ment and management of AD.
1. AD epidemiology

About 50 million people worldwide have dementia, and there
are nearly 10 million new cases every year. The switch from nor-
mal aging to a chronic disease state is an early development in
the process of age-related diseases. To address this critical issue,
the international community has adopted a strategy with a
primary focus on monitoring and preventing age-related diseases.
ing, and
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J. Shi et al. Science Bulletin 69 (2024) 3777–3784
The prevalence and incidence of AD and other related dementia
(ADRD) are projected to rise in the future due to the age-related
escalation in dementia risk. About 66.7% of people with dementia
live in countries with low- and middle-income [1]. About 10.8%
of people aged 65 years and older have AD in the USA [2]. In China,
the number of people with dementia is more than 15.1 million. In
individuals aged 60 years and above in China, the prevalence of
dementia is 6%. AD is the most prevalent form, accounting for
65% of all dementia cases. AD has become a heavy health and eco-
nomic burden [3]. An analysis was conducted to compare the
prevalence, mortality rates, healthcare costs, and government poli-
cies related to ADRD in China with those in Japan, the USA, Europe,
and globally (Table 1) [3–11].
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2. AD diagnosis

Early and precise diagnosis of AD facilitates disease monitoring
and treatment [12]. The criteria for AD diagnosis has been evolving
into several stages: The first stage was when the National Institute
of Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association (NINCDS-
ADRDA) issued the diagnostic criteria first in July 1984 [13]. The
diagnostic criteria included two parts: the diagnostic criteria for
dementia and the diagnostic criteria for AD, which were further
classified into possible AD, probable AD and definite AD [13].

Since this criterion is not specific for the diagnosis of non-AD
dementia cases, in the second stage, the International Working
Group (IWG) proposed the concept of mild cognitive impairment
(MCI) for the first time in 2007. It classified AD into MCI, prodromal
AD and AD dementia [14]. The IWG diagnostic criteria for AD
included biomarkers to help make a diagnosis. The National Insti-
tute on Aging and Alzheimer’s Association (NIA-AA) issued the
diagnostic criteria in 2011 to emphasize the importance of
biomarkers, especially when making the diagnosis of preclinical
AD [15]. As advances in the development of biomarkers, the third
stage came when NIA-AA proposed a research framework for AD
in 2018. It brought the spectrum of AD with different stages and
phenotypes with the same biomarkers into the same research
framework, that is, the A-T-N research framework. It provides a
basis for exploring the biological heterogeneity of AD. The A-T-N
research framework emphasized the importance of biomarkers of
amyloid-b (Ab) plaques (A, measured by amyloid positron emission
tomography (PET) imaging or low cerebrospinal fluid (CSF) Ab42),
fibrillary tau (T, as determined by tau PET imaging or increased CSF
phosphorylated tau, and signs of neurodegeneration (N, measured
by CSF total tau (tTau), fluorodeoxyglucose (FDG)-PET showing
cerebral metabolic reduction, and cortical atrophy on magnetic
resonance imaging (MRI)) in the process of AD [16]. Multiple stud-
ies have shown that the combination of tau and Ab positivity was
insufficient to accurately predict the onset of symptoms in individ-
uals without clinical impairment [17–19]. Therefore, in 2021, the
IWG advised that the diagnosis of AD should be based on a
combination of clinical and biological evidence. It necessitates the
presence of a distinct clinical phenotype indicative of AD
(phenotype-positive) alongside biomarker evidence demonstrating
AD pathology (amyloid-positive and tau-positive). The specific clin-
ical phenotypes commonly linked to AD pathology, known as com-
mon AD phenotypes, include the amnestic syndrome of the
hippocampal type (typical), the logopenic variant primary
progressive aphasia, and the posterior cortical atrophy variant.
The diagnostic criteria of AD have gradually evolved in clinical prac-
tice and research as our understanding of the disease advances.

Therefore, it is crucial to identify effective biomarkers to
achieve early diagnosis when patients only have subtle symptoms.
However, the effective measurement of biomarkers is influenced
3778
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by race, environmental factors, etc. Research conducted on Cau-
casian populations has recognized several plasma molecules, such
as Ab42, Ab40, pTau 181, and pTau 217, as key biomarkers for AD
[20,21]. These core AD biomarkers have been shown to accurately
distinguish AD dementia from non-AD dementia. More recent
studies have involved Chinese populations [22–24]. A multicenter
longitudinal study analyzed 817 blood samples from individuals
with AD, cerebral amyloid angiopathy, cerebral small vessel dis-
ease, and cognitively normal elderly individuals. The study identi-
fied pTau 181 and glial fibrillary acidic protein (GFAP) as robust
predictors of cerebral amyloid deposition [25]. A clinical study in
Shanghai, China described the profile of blood-based biomarkers,
including plasma Ab40, Ab42, tTau, phosphorylated tau (pTau)
181 and serum neurofilament light (NfL). It demonstrated that
pTau181 in the plasma is the most reliable biomarker for Chinese
individuals with AD [26,27]. A different study conducted in Hefei,
China assessed plasma BACE1 activity in subjects with AD, MCI,
and healthy controls. The findings revealed that BACE1 levels were
significantly elevated in both AD patients and MCI converters.
These results suggest that plasma BACE1 activity could serve as a
biomarker for the risk of developing AD [28]. An exploratory study
sought to identify naturally occurring antibodies to Ab (NAbs-Ab)
in AD [29]. The study proposed that alterations in the epitope-
specific profile of NAbs-Ab in individuals with preclinical and clin-
ical AD could serve as a promising biomarker for AD. Additionally,
a study conducted in Hong Kong, China established a 19-protein
biomarker panel tailored for distinct stages of AD [30]. The study
showcased that a combined biomarker panel has the potential
for precise diagnosis of AD.

The combination of biomarkers and advanced technology
assessment tools helps to streamline the diagnostic process. The
Ace Alzheimer Center Barcelona in Spain has conducted a compre-
hensive analysis, correlating CSF biomarkers and MRI with a
cutting-edge, computerized, self-administered verbal episodic
memory test featuring voice recognition (FACEmemory�). This
innovative approach aims to identify memory deficits associated
with underlying AD and to distinguish memory-impaired cases
from other etiologies. This new technique may help to expedite
the detection of early MCI cases [31].

Synaptic damage occurs in the pre-symptomatic stage of AD, so
it is feasible to use synaptic proteins as biomarkers for AD [32].
Exosomes have garnered significant attention as a means to char-
acterize diverse phenotypes from clinical, neuropsychological,
and biomarker perspectives. A two-stage cross-sectional study
showed that individuals with AD or preclinical AD displayed
reduced levels of various synaptic proteins, such as
synaptosome-associated protein 25 (SNAP25), growth-associated
protein 43 (GAP43), synaptotagmin, and neurogranin, in
neuronal-derived exosomes [33]. These plasma exosomes exhibit
a strong correlation with those present in CSF and demonstrate a
high efficacy in detecting AD during the asymptomatic stage.

A recent study conducted at six tertiary clinical centers in China
examined 817 blood samples in both cross-sectional and longitudi-
Fig. 1. Summary of drug therapies for AD. Ab, amyloid-b; FDA, the US Food an
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nal analyses [25]. It measured plasma Ab40, Ab42, pTau 181, tTau,
serum NFL and GFAP, and correlated the plasma results with that
of 18F-florbetapir PET and MRI. It demonstrated that a combination
of the APOE genotype with plasma pTau and serum GFAP has the
best value in distinguishing Ab status. Furthermore, The initial
levels of GFAP showed a robust correlation with cognitive deterio-
ration and brain volume loss over time, indicating that elevated
GFAP levels were indicative of a faster pace of neurodegeneration.
These results validate the usefulness of blood biomarkers in China
across different regions. Furthermore, they underscore the promise
of pTau and GFAP as non-invasive approaches for the early detec-
tion or screening of AD. It’s worth noting that the level of pTau is
different from that of the Caucasian population. A head-to-head
comparison study of populations with different races is warranted.

AD is a neurodegenerative disease. The treatment of AD is used
to focus on relieving the symptoms of the disease. It has two
classes of drugs. One is cholinesterase inhibitors for mild to mod-
erate AD, including tacrine, donepezil, rivastigmine and galan-
tamine. The tacrine was discontinued due to its liver toxicity. The
other is an NMDA receptor modulator, memantine, which is for
moderate to severe AD. With a better understanding of the patho-
genesis of AD, disease-modifying therapy (DMT) started to emerge
to address the underlying cause. The key pathological features of
AD include amyloid plaques and tau protein neurofibrillary tan-
gles, making them the primary target for pharmaceutical research
in AD (Fig. 1).

3. AD treatment

3.1. Anti-Ab drugs

The failure of previous study drugs (bapineuzumab, crenezu-
mab, solanezumab, semagacestat, verubecestat) targeting against
different forms Ab or its critical enzymes (c- or b-secretase) may
be related to a delay in starting the treatment and/or poor
blood–brain barrier (BBB) permeability to the brain [34,35]. A
reduction in peripheral free Ab alone is not sufficient to reduce
deposited cerebral amyloid that is involved in pathological cas-
cades leading to dementia. The amount of the anti-Ab antibodies
entering the brain may be not enough to stimulate microglial cells
to neutralize Ab in the brain to produce a clinically meaningful
effect [36]. In addition to BBB permeability, the Ab load has to be
lowered below a threshold to produce a clinical benefit. The gan-
tenerumab, another anti-amyloid antibody, failed to slow cognitive
decline in two phase 3 GRADUATE trials. The treatment achieved
only a partial reduction in Ab plaques, with fewer participants
achieving amyloid negativity on PET scans compared to prior stud-
ies. Although clinical measures showed some improvement, they
did not reach statistical significance [37]. There is little correlation
between Ab deposition and the progression of cognitive
impairment, but tau neurofibrillary tangles are associated with
the disease progression [34]. Therefore, only when soluble Ab is
decreased to a non-pathogenic level, that is, a level that cannot
d Drug Administration; NMPA, National Medical Products Administration.
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cause the formation of tau pathology, may clinical benefits be
achieved [34].

Aducanumab, an antibody binding to aggregated forms of Ab,
not to the monomer Ab was the first anti-Ab antibody approved
by the US Food and Drug Administration (FDA) on June 7, 2021.
In the ENGAGE trail, aducanumab did not reduce the cognitive
decline in primary endpoints. But in the parallel EMERGE trail, adu-
canumab in the high-dose group reduced the cognitive decline and
reached the primary and secondary endpoints. EMERGE was the
inaugural trial to demonstrate the significant impact of an anti-
amyloid drug on cognitive decline in individuals with MCI and
early AD [38].

Lecanemab is a humanized IgG1 monoclonal antibody that tar-
gets at Ab soluble protofibrils. It reduces amyloid levels in early
AD and leads to less cognitive and functional decline at 18 months
in a multicenter, double-blind, phase 3 trial [39]. The US FDA
granted accelerated approval to lecanemab in January 2023. A US
FDA advisory panel unanimously supported its clinical benefits
for treating the disease, setting the stage for the full US FDA
approval in July 2023.

Donanemab, a humanized IgG1 antibody that specifically tar-
gets the pyroglutamate form of aggregated Ab found in amyloid
plaques, has been reported to reduce clinical decline by 35% com-
pared to a placebo. Additionally, it led to a 40% decrease in the
decline of daily living activities among participants in the study.
The phase 3 study of TRAILBLAZER-ALZ 2 met the primary end-
point and all secondary endpoints [40]. The scientific advisory
board for the US FDA voted unanimously for lecanemab in June
2024. US FDA granted it the full approval a month later.

SHR-1707, a humanized anti-amyloid monoclonal antibody,
was designed to prevent the assembly of b-amyloid plaques by
activating microglial phagocytosis of various forms of Ab. A ran-
domized, double-blind, placebo-controlled, phase II study of SHR-
1707 was designed to recruit AD patients in China (NCT
05681819) [41].

The administration methods and therapeutic dosages from pre-
vious antibody studies are summarized in Table 2. All anti-amyloid
monoclonal antibodies have notable adverse events of amyloid-
related imaging abnormalities (ARIA) which are usually asymp-
tomatic and rarely cause severe symptoms. Although its etiology
is unclear, it seems to be dose- and ApoE4-dependent. It is recom-
mended to have clinical and neuroimaging monitoring [42].

3.2. Anti-tau drugs

Tau tangles are closely related both spatially and temporally to
the onset and progression of neurodegeneration. In addition to
reducing different forms of Ab, anti-Ab antibodies also reduce
tau protein in the brain. Treatment with aducanumab leads to sub-
stantial decreases in plasma pTau181 in a dosage- and time-
dependent fashion when compared to a placebo [43]. Findings
from a tau PET sub-study of 36 patients demonstrated a reduction
Table 2
Drugs target Ab in Alzheimer’s disease.

Anti-Ab antibody Company Origin type IgG class Ab epitopes

Bapineuzumab Janssen/Pfizer Humanized IgG1 AA 1–5
Aducanumab Biogen Fully human IgG1 AA 3–6
Lecanemab Biogen/Eisai Humanized IgG1 Protofibrils
Donanemab Eli Lilly Humanized IgG1 Ab (p3–42)
Solanezumab Eli Lilly Humanized IgG1 AA 16–26
Gantenerumab Roche Fully human IgG1 AA 3–12; 18–27
Crenezumab Roche Humanized IgG4 AA 13–24
Ponezumab Pfizer Humanized IgG1 AA 3–6

iv, intravenous injection; sc, subcutaneous injection.Y, yes; N, no.
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in tau tracer uptake in the medial temporal lobe, indicating a
potential reduction in tau tangle pathology after aducanumab
treatment. [2] Lecanemab not only directly removes amyloid pla-
ques but also has downstream effects on tau pathology. Studies
on tau biomarkers showed that amyloid clearance led to improve-
ments in CSF and plasma levels of pTau (pTau181), which are
downstream markers in the AD pathology pathway. Additionally,
tau PET analysis revealed that lecanemab treatment decelerated
tau accumulation in the temporal lobe and enhanced total tau
levels compared to the placebo group [39]. Donanemab treatment
reduces both Ab and tau in the brains of people [44]. Data also
showed that treatment with donanemab drove a rapid reduction
of plasma pTau217, which was detected within 12 weeks after
the treatment [45].

Anti-tau antibodies are emerging to become a new way to treat
AD [46]. Progressive supranuclear palsy (PSP) is a rare neurodegen-
erative disease that is considered a primary tauopathy. However,
anti-tau antibodies such as gosuranemab (a humanized IgG4 mon-
oclonal anti-tau antibody) and tilavonemab (a humanized IgG4
antibody) failed to achieve the expected results in phase 2 clinical
trials of PSP and AD (Table 3) [47–49]. In addition to monoclonal
antibody immunotherapies, a number of small molecule drugs
and DNA/RNA-based drugs targeting tau protein are being investi-
gated. TPI287 is a drug based on tubulin binding and enhances
microtubule stabilization [50]. As a synthetic derivative of taxane
diterpenoids, TPI287 differs from most taxanes in its ability to
cross the BBB and enter the brain to produce its therapeutic effects.
It’s shown to improve cognitive function in a small phase 2a trial.
However, the TPI287 study showed no differences in CSF biomar-
ker endpoints between treatment and placebo groups in AD
patients. The activation of autophagy by sigma-1 receptors (r-
1Rs) in combination with other neuroprotective effects presents
a compelling target for AD treatment [51]. Blarcamesine, a r1
muscarinic ligand, can bind to muscarinic acetylcholine and r1
receptors to reduce glycogen synthase kinase-3b (GSK3-b) activity
and to prevent tau hyperphosphorylation. It may help to improve
memory loss and have neuroprotective effects [52]. BIIB080, the
first antisense oligonucleotide (ASO) targeting tau expression in
mild AD, was reported in a phase 1b, randomized, placebo-
controlled trial. It showed that in the two treatment groups that
received the highest dose of antisense oligonucleotides (60 and
115 mg), tTau levels and pTau levels were reduced by more than
50% in the central nervous system after 24 weeks [53]. These stud-
ies suggest that drugs targeting tau protein at the pathological
level may improve the pathological progression of AD, but there
is still a lack of evidence for clinical benefits.

3.3. Drugs on other targets

Inflammation plays a crucial role in AD, as well as in
cerebrovascular disease and aging. Studies have investigated the
impact of inflammation on AD, with markers like C-reactive
Ab
monomeric

Ab
oligomers

Ab
fibrillar

Administration
route

Dose regimen

Y Y Y iv 0.15, 0.5, 1, 2 mg/kg
N Y Y iv 10 mg/kg
N N Y iv 10 mg/kg
N N Y iv 700 to 1400 mg
Y N N iv 400 to 1600 mg
N Y Y sc 1200 mg
Y Y Y sc 6800 mg
N Y Y iv 10 mg/kg



Table 3
Drugs target tau protein in Alzheimer’s disease.

Tau-related Company Therapy type Target US FDA
status

Administration
route

Dose regimen

Gosuranemab Biogen/Bristol-Myers Squibb Immunotherapy
(passive)

Anti-tau antibody
IgG4

Discontinued iv 50 mg/mL

Tilavonemab AbbVie, C2N Diagnostics, LLC Immunotherapy
(passive)

Anti-tau antibody
IgG4

Discontinued iv 300, 1000 or
2000 mg

Semorinemab AC Immune SA, Genentech, Hoffmann-La
Roche

Immunotherapy
(passive)

Anti-tau antibody
IgG4

Phase 2 iv 1500, 4500, or
8100 mg

Zagotenemab Eli Lilly Immunotherapy
(passive)

Anti-tau antibody
IgG4

Discontinued iv 1400 mg, 5600 mg

Bepranemab Hoffmann-La Roche, UCB S.A. Immunotherapy
(passive)

Anti-tau antibody
IgG4

Phase 2 iv NA

Blarcamesine Anavex Life Science Corp. Small molecule r1 receptor Phase 2/3 po or iv 20 or 30 mg
TPI287 Cortice Biosciences Small molecule Tubulin-binding Inactive iv 2, 6.3, 20 mg/m2

BIIB080 Biogen/IONIS DNA/RNA-based Tau expression Phase 1 it NA

iv, intravenous injection; sc, subcutaneous injection; it, intrathecal injection; NA, Not available; po, per os.
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protein and interleukin-6 (IL-6) being linked to neuronal and
synaptic loss, as well as impaired cognitive function in the elderly.
Chronic brain inflammation is another AD pathology. Therefore,
treatments of anti-Ab antibodies also have effects on inflammation
in the central nervous system. Although the changes of inflamma-
tory factors in the brain of patients after aducanumab treatment
were not reported in clinical trials, aducanumab-treated primary
microglia in vivo exhibited significantly increased levels of tumor
necrosis factor (TNF), IL-6, and IL-1b [54]. In the lecanemab phase
3 trial, both a CSF sub-study and the plasma analysis of the entire
study population showed a pronounced reduction in levels of GFAP
after lecanemab treatment [39]. In the donanemab trial, the
plasma levels of GFAP were decreased by 12% from baseline after
treatment, whereas it was increased by 15% in the placebo group
[55].

Despite efforts to utilize anti-inflammatory treatments such as
low-dose aspirin, low-dose prednisone, selective cyclo-
oxygenase-2 inhibitors, non-steroidal anti-inflammatory drugs,
and etanercept, these interventions have not demonstrated effi-
cacy in AD patients. Drugs targeting inflammatory factors, such
as IL-1b inhibitor (canakinumab, NCT04795466) and soluble TNF
inhibitor (XPro1595, NCT03943264) are also in the study of phase
1b and 2 clinical trials (Table 4) [56,57]. The emerging role of
microglial and astroglia activation for AD pathogenesis makes
these cells a legitimate therapeutic target. The compound AD16,
an inhibitor of neuronal inflammation, was reported to reduce Ab
plaques and to modify microglia in a transgenic mouse model of
AD. Mice treated for AD16 showed decreased activation of micro-
Table 4
Drugs on inflammation and other targets.

Inflammation-related and
other

Company Thera

Canakinumab Novartis Small
molec

XPro1595 INmune Bio Inc. Small
molec

AD16 The South China Center for Innovative
Pharmaceuticals

Small
molec

GV-971 Shanghai Green Valley Pharmaceuticals Small
molec

JK-50561 Beijing Zhuokai Biotechnology Small
molec

sc, subcutaneous injection; po, per os.
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glia, amyloid plaque accumulation, and surrounding gliosis. Clini-
cal phase 2 trials are on the way [58]. Studies have shown that a
small G protein Rac-dependent mechanism plays a role in passive
memory decay and interference-induced forgetting in Drosophila
[59]. Inhibiting the excessive activation of Rac1 protein in AD
patients is proposed to help AD patients with their memory
impairment. JK-50561 is the first drug to treat amnesia (first in
concept) and is currently in phase 2 clinical trials
(NCT05811442) [60]. GV-971, a sodium oligomannate, was
reported to reach the primary endpoint of improving cognitive
function in a phase 3 clinical trial. In animal models, it was demon-
strated that GV-971 suppressed gut dysbiosis and the associated
phenylalanine/isoleucine accumulation, reduced neuroinflamma-
tion and ameliorated cognition impairment [61]. The China
National Medical Product Administration (NMPA) conditionally
approved its therapy for AD, on which phase 4 clinical trials are
ongoing (NCT05181475, NCT05058040, and NCT05908695) [62–
64].

4. Future directions

Trials of anti-Ab treatment have started to show encouraging
results of biomarkers and more importantly clinical benefits.
Regardless of the antibody targeting a variety of Ab forms, it has
to reduce amyloid below a certain threshold to achieve the primary
and secondary endpoints. It suggests that anti-Ab alone is neces-
sary but not sufficient to have a robust clinical benefit. All three
approved anti-Ab antibodies also reduce tau protein in the brain.
py type Target US FDA
status

Administration
route

Dose
regimen

ule
IL-1b Phase 2 sc NA

ule
TNF Phase 2 sc 1.0 mg/kg

ule
Neuroinflammation Phase 2 po 5 to 80 mg

ule
intestinal bacteria Inactive po 450 mg

ule
Rac1 protein Phase 2 po 128 or

256 mg
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The underlying pathophysiology points to multiple factors includ-
ing inflammation, immunity, synaptic degeneration, and vascular
factors. To borrow a page from cancer and HIV treatment, cocktail
treatment with multi-target therapy may be the answer to the
complex pathology of the disease. Funding and policy should at
least encourage the attempt of multi-drug combination therapy.
More basic research will be needed to further explore new thera-
peutic targets.

5. Governmental and social investment

The World Health Organization (WHO) has identified dementia
as a significant public health concern. In response to dementia
2017–2025, the World Health Assembly in May 2017 endorsed
the global action plan which considers dementia as a public health
priority. It aims to increase awareness of dementia [65].

In view of the heavy health and economic burden of AD in the
USA, in the past two decades, the National Institutes of Health
has increased its research budget for AD. The federal investment
has increased rapidly to about 7 times more than that of fiscal
2012, up to 3.8 billion US dollars [66]. Thanks to strong financial
support, significant progress has been made in AD research in
the USA. The European Union’s Horizon 2020 (H2020), which
was officially launched in early 2014, has listed dementia as a
major challenge in population change and health, and increased
investment in research and innovation.

One difficulty is still being able to make early diagnostics for AD
and allow early drug intervention when available. The WHO ICOPE
program [63] is designed to follow intrinsic capacities (IC) digitally,
including memory in an integrated care way. Once memory loss is
detected by the ICOPE step 1, with the ICOPE digital monitor tool,
steps 2 and 3 will allow for an early diagnosis if needed [64]. ICOPE
is also available in Chinese [65]. Digital ICOPE monitor tool associ-
ated with plasma biomarkers (e.g., pTau 217) will help to pave the
way for early diagnosis of AD and to refer patients to a specialized
memory clinic for further assessment and treatment.

Since dementia is a progressive disease, it takes a much longer
time and more study participants to perform a clinical trial in AD
than in other diseases. To expedite the development of new thera-
peutic drugs, the US FDA recently decided to use biomarkers that
have a reasonably predictive value as a surrogate for accelerated
approval of DMT treatment for AD. In the case of anti-Ab antibody
trials, if the reduction of Ab was used as a surrogate, the length of
the trial could be shortened by three times to six months and the
recruitment of study participants could be reduced to a few hun-
dred instead of thousands. This will certainly help to make more
DMT treatment for AD patients in need.

6. Conclusions

It is urgent to have specific and easily accessible biomarkers for
the early diagnosis of AD, which is crucial for timely intervention,
since drugs become available now to slow disease progression and
to improve the overall quality of life. To address this challenge,
researchers are exploring innovative approaches, including
advanced neuroimaging techniques, biomarker identification, and
cognitive assessments, etc. [67–69] Integrating advanced technolo-
gies and precision medicine holds the promise of improving early
diagnosis, but careful scientific validation and ethical considera-
tions are essential to ensure safe, reliable, and equitable imple-
mentation of early diagnostic tools and interventions.
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